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DETAILED ACTION 

1 . Applicant's response to the Advisory Action filed on 1 0/1 9/1 1 is acknowledged. 
In the response to the Examiner' indicated allowable subject matter of Claim 1 0 (in the 
Office Action mailed 1 0/04/201 1 ), the Applicant cancelled Claims 1 -9. 

However, the indicated allowability of Claim 10 is withdrawn in view of the newly 
discovered reference(s) for Claim 10, Beasom (US 4,873,564). Rejections based on 
this reference follow. 

2. Claim 1 8 was cancelled earlier. Claims 1 0-1 7 and 1 9 are examined on merits 
herein. 



Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 

that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in 
the United States. 

4. Claims 10 and 19 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Beasom (US 4,873,564). 

5. In re Claim 10, Beasom teaches a junction field-effect transistor comprising (Fig. 
3 and Fig. 4): 

• a first conductivity type (n-type, column 5, lines 1 6-1 7) first semiconductor layer 
(15) having a substantially flat cross- sectional shape (as is shown in Fig. 4) and 
having a channel region (26, column 5, line 27), 
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• a buffer layer (24, column 5, line 14) of a second conductivity type (p-type) 
formed on the channel region (26) in the first conductivity type first 
semiconductor layer (15), the buffer layer (26) having a substantially flat cross- 
sectional shape (as shown in Fig. 4), and 

• a second conductivity type doped region (25, column 5, lines 1 8-1 9) extending 
into the first conductivity type first semiconductor layer (1 5) to a top surface of the 
buffer layer (24), but not extending through the buffer layer (24), wherein 

• a second conductivity carrier concentration (10 14 cm" 3 , column 6, line 15) in the 
buffer layer (24) is lower than a first conductivity carrier concentration (2x1 0 14 cm' 
3 , column 6, line 19) in the first conductivity type first semiconductor layer. 

6. In re Claim 19, Beasom teaches the junction field-effect transistor according to 
Claim 10 as cited above. 

Beasom further teaches (Fig. 3) that wherein the second conductivity type doped 
region (25, column 5, lines 18-19) does not extend into the buffer layer (24, column 5, 
line 14). 
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Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

8. Claims 11 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Beasom in view of Shram (US 2003/0075719). 

9. In re Claim 1 1 , Beasom teaches the junction field-effect transistor of Claim 1 0 as 
cited above. 

Beasom does not teach that the first conductivity type first semiconductor layer is 
composed of silicon carbide. 

Sriram teaches (Fig. 1 ) that the first conductivity type first semiconductor layer 
(14, 16, paragraphs 0030-0031) is composed of silicon carbide. 

Beasom and Sriram teach analogous arts directed towards field effect 
transistors, and one of ordinary skill in the art would have had a reasonable expectation 
of success to modify the Beasom transistor in view of the Sriram transistor because 
they are from the same field of endeavor. 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom device by creating its semiconductor layers of silicon 
carbide (per Sriram) in order to create a device capable of operation at higher 
temperature and a higher power (Sriram, paragraph 0009). 
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1 0. In re Claim 15, Beasom teaches the junction field-effect transistor of Claim 1 0 as 
cited above, including the first conductivity type first semiconductor layer. 

Beasom further teaches (Fig. 3) that the first conductivity type first semiconductor 
layer (15, column 5, lines 16-17) is formed on one main surface (a top surface) of a 
semiconductor substrate (10). 

Beasom does not teach a semiconductor substrate that composed of a silicon 
carbide. 

Shram teaches (Fig. 1 ) that a semiconductor substrate (1 0) is composed of 
silicon carbide (paragraph 0028). 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom device by creating its semiconductor layers of silicon 
carbide (per Sriram) in order to create a device capable of operation at higher 
temperature and a higher power (Sriram, paragraph 0009). 

1 1 . Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Beasom (US 4,873,564) in view of Nonaka et al. (US 4,807,01 1 ). 

1 2. In re Claim 1 2, Beasom teaches a junction field-effect transistor of Claim 1 0 as 
cited above. 

Beasom does not teach the transistor further comprising another second 
conductivity type doped region under the channel region. 
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Nonaka teaches the junction field-effect transistor further comprising (Fig. 3) 
another second conductivity type (p-type) doped region (10, column 4, lines 65-66) 
under the channel region (18a, column 5, line 39. 

Beasom and Nonaka teach analogous arts directed towards junction field effect 
transistors, and one of ordinary skill in the art would have had a reasonable expectation 
of success to modify the Beasom transistor in view of the Nonaka transistor because 
they are from the same field of endeavor. 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom/Nonaka device of Claim 10 by including another second 
conductivity type doped region in order to increase a speed of the device operation 
(Nonaka, column 2, lines 62-64). 

1 3. Claims 13 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Beasom in view of Nonaka and Kumar et al. (US 2002/0139992). 

1 4. In re Claim 1 3, Beasom teaches the junction field-effect transistor according to 
Claim 10 as cited above, including the first conductivity type semiconductor layer. 

Beasom does not teach the transistor comprising of: 

• another buffer layer of the first conductivity type under the channel region, and 

• another second conductivity type doped region that reaches the other buffer layer 
and is in a first conductivity type second semiconductor layer under the other 
buffer layer, wherein 
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• a first conductivity type carrier concentration in the other buffer layer is lower than 
a first conductivity type carrier concentration in the first conductivity type first 
semiconductor layer. 

Nonaka teaches the device further comprising (Fig. 3): 

• another buffer layer (1 2, column 4, line 68) of the first conductivity type (n-type) 
under the channel region (18a, column 5, line 39), 

• another second conductivity type doped region (10, column 5, line 6) that 
reaches the other buffer layer (1 2) and is under the other buffer layer (1 2), 
wherein 

• a first conductivity type (n-type) carrier concentration in the other buffer layer (12, 
having a carrier concentration up to 1x10 20 /cm 3 , column 4, line 68 and column 5, 
line 1) is lower than a first conductivity type carrier concentration in the first 
conductivity type semiconductor layer (18, since layer 18 includes region 30, 
having a carrier concentration up to 1x10 21 /cm 3 , column 6, line 6). 

Nonaka does not teach in the embodiment of Fig. 3 that the other buffer layer is 
in a first conductivity type (n-type) second semiconductor layer; he teaches another 
second conductivity (p-type) semiconductor layer (10, as the substrate). However, 
Nonaka states that a substrate is made of, "for example", a p-type silicon (column 4, 
lines 65-66). Nonaka further teaches (Fig. 1) that a substrate (2, column 3, line 31) has 
a first conductivity type. 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom device by adding another buffer layer of the first 
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conductivity type under the channel region and another second conductivity type doped 
region that reaches the other buffer layer in order to increase a speed of the device 
operation (Nonaka, column 2, lines 62-64). 

Beasom, as modified per Nonaka, does not teach that another second 
conductivity type doped region is in a first conductivity type second semiconductor layer. 

Kumar teaches (Fig. 2) the other buffer layer (4, paragraph 0039) is in a first 
conductivity type (n-type) second semiconductor layer (1 and 2, paragraph 0038, 
wherein 1 is a substrate). 

Beasom and Kumar teach analogous arts directed towards junction field effect 
transistors, and one of ordinary skill in the art would have had a reasonable expectation 
of success to modify the Beasom/Nonaka transistor in view of Kumar because they are 
from the same field of endeavor. 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom/Nonaka' device by creating another first conductivity 
type semiconductor body (per Kumar and per Nonaka' device of Fig. 1 ) in order to 
create a high-power and high-frequency device (Nonaka, column 4, lines 14-18) 
comprising a first type conductivity substrate device wherein this type of substrate 
conductivity is required for other devices built on the same substrate. 
15. In re Claim 14, Beasom, as modified per Nonaka and Kumar, teaches the 
junction field-effect transistor of Claim 13 as cited above. 
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Beasom does not teach that the first conductivity type carrier concentration in 
the other buffer layer is not more than one tenth of the first conductivity type carrier 
concentration in the first conductivity type first semiconductor layer. 

Nonaka further teaches (Fig. 3) that where the first conductivity type (n-type) 
carrier concentration in the other buffer layer (12, which has a carrier concentration in 
the range of 1 x1 0 18 /cm 3 to 1 x1 0 20 /cm 3 , column 4, line 68 and column 5, line 1 ) is not 
more than one tenth of the first conductivity type carrier concentration in the first 
conductivity semiconductor layer (18, since layer 18 includes region 30, having a carrier 
concentration in the range of 1x10 18 /cm 3 to 1x10 21 /cm 3 , column 6, line 6). 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom/Nonaka/Kumar device of Claim 13 per Nonaka (as 
shown for Claim 14) in order to increase a speed of the device operation (Nonaka, 
column 2, lines 62-64). 

1 6. Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Beasom/Sriram in view of Zhao (US 6,841 ,81 2). 

17. In re Claim 16, Beasom, as modified per Sriram, teaches the junction field-effect 
transistor of Claim 15 as cited above. 

Beasom/Sriram does not explicitly teach the transistor further comprising: a gate 
electrode on the surface of the second conductivity type doped region, an electrode, 
either a source electrode or a drain electrode, on the surface of the first conductivity 
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type first semiconductor layer, and another electrode, either a drain electrode or a 
source electrode, on another main surface of the semiconductor substrate. 
Zhao teaches a junction field effect transistor comprising (Fig. 1A): 

• a gate electrode (61 , column 7, lines 51-52) on the surface of the second 
conductivity type (p-type) doped region (60, column 5, lines 20-21), 

• an electrode, either a source electrode or a drain electrode (71 , a source 
electrode, column 5, line 25), on the surface of the first conductivity type (n-type) 
first semiconductor layer (40, column 5, line 7), and 

• another electrode, either a drain electrode or a source electrode (1 1 , a drain 
electrode, column 5, lines 9-1 1 ), on another main surface of a semiconductor 
substrate (20). 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom/Sriram device by providing it with a gate electrode on 
the surface of the second conductivity type doped region, with a source electrode on 
one surface of the semiconductor substrate, and with a drain electrode on another main 
surface of the semiconductor substrate (that has an N + region 12) (per Fig. 1 of Nonaka 
and per Zhao) in order to enable (or to make easier) an access to the drain electrode of 
the device and to provide its operability. 
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1 8 Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Beasom/Sriram in view of Nonaka. 

1 9. In re Claim 17, Beasom/Sriram teaches the junction field-effect transistor 
according to Claim 15 as cited above. 

Beasom does not explicitly teach a transistor further comprising: 

• a gate electrode on the surface of the second conductivity type doped region, 
and 

• a source electrode and a drain electrode on the surface of the first conductivity 
type first semiconductor layer. 

Shram teaches (Fig. 1): 

• a source electrode (28, paragraph 0038) and a drain electrode (30, paragraph 
0038) on the surface of the first conductivity type first semiconductor layer (14, 16, 
paragraph 0032). 

It would have been obvious for one of ordinary skill in the art at the time of the 
invention to provide for the Beasom/Sriram device a source electrode and a drain 
electrode allowing a good ohmic contact for contact with other devices and circuits. 

Beasom, as modified per Sriram, does not teach that a gate electrode is on the 
surface of the second conductivity type doped region. 

Nonaka teaches the transistor comprising: 

• a gate electrode (40, column 6, lines 18-20) on the surface of the second 
conductivity type (p-type) doped region (26, column 5, lines 44-45), 
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It would have been obvious for one of ordinary skill in the art at the time of the 
invention to modify the Beasom/Sriram device by providing a gate electrode on the 
surface of the second conductivity type doped region enabling a good ohmic contact 
with external circuits. 

Response to Arguments 

The Applicant did not present any arguments due to suggested allowance of 
Claims 10-17 and 19. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to GALINA YUSHINA whose telephone number is (571 )- 
270-7440. The examiner can normally be reached on Monday through Friday, 7:30 to 
5, 5/4. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne Gurley can be reached on 571-272-1670. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Galina Yushina/ 

Patent Examiner, Art Unit 281 1 

11/04/11 

/Colleen A Matthews/ 

Primary Examiner, Art Unit 281 1 



